Abstract
Introduction

34
an organism's ability to acquire and process resources. In that view, condition constitutes a "genetic 66 exchanger" between male and female fitness, resulting in congruent direction of selection over 67 most loci: most deleterious mutations will be deleterious precisely because they adversely affect 68 condition, and in consequence -condition-dependent fitness components in both sexes (Rowe and 69 Houle 1996). Crucially to the models' (Manning 1984 sexual selection on males could cause male fitness to be more sensitive to condition than female 71 fitness, such that the fraction of reproducing males would be more limited (to those bearing 72 relatively few condition-hampering mutations) than the fraction of reproducing females.
73
If these criteria are met, mutations detrimental to female fecundity are purged from sexual 74 populations more efficiently than from asexual ones, "at the expense" of males (Agrawal 2001 ; 75 Whitlock and Agrawal 2009). In effect, the cost of sex is counterbalanced by increased fitness of 76 sexual females (Agrawal 2001) . Importantly, this also improves the productivity of population, Thus, sexual selection can have multiple effects on purging mutation load affecting female 83 and population-level fitness -from lending "its aid to ordinary selection" (Darwin 1859 ) to 84 counteracting it. Distinguishing between these scenarios is most frequently attempted by 
89
If sexual selection on males discriminates, by and large, against the same alleles as selection acting 90 on females, then relaxing sexual selection should lead to a faster accumulation / slower clearance 91 of mutations hampering female and population fitness, compared to treatments in which sexual 92 selection is operating.
93
Importantly, however, such alignment is an insufficient -albeit necessary -condition for 94 sexual selection to reduce mutation load in sexual relative to asexual populations, and thus 95 contribute to paying the costs of sex. In order to chip in for the sex bill, sexual selection on males,
96
at its naturaly occurring intensity, must act not only in the same direction, but also stronger, than with µ being the rate of deleterious mutation, sF -the coefficient of selection against deleterious 107 mutations in females, and s -the average selection across the sexes, i.e. s = (sM + sF) / 2; sM being 108 the coefficient of selection in males. In asexual populations, the predicted load is = 2μ (Whitlock 109 and Agrawal 2009). Thus, the sexual population's load is reduced relative to the asexual case determine not only the alignment of selection, but also its relative strength in males vs. females.
122
To date, this has been done by relatively few studies, and almost exclusively on fruit flies. female productivity and male mating success. They showed that all except hairy had a deleterious 138 effect on female productivity, whereas three (black, claret, ebony-stripe) were deleterious for male 139 mating success; for those three, the effects on males tended to be stronger than on females. decreased by induced mutations whereas in females the effect was weaker and non-significant,
144
indicating that selection against novel mutations was stronger on males than females.
145
Here, we analyzed the effects of mutations, induced by ionising radiation, on male and 
Methods
172
Introducing mutations 173 We induced mutations on the genetic background of three replicate populations (henceforth 174 denoted as lines 50, 52, and 55), which had been maintained at population size of 20 breeding 175 adults for 46 generations prior to our experiment, and were hence expected to harbor very little 176 initial genetic variation (Laskowski et al. 2015) . In each replicate, we applied three irradiation 177 doses: 10, 20 and 40 Gy, plus a non-irradiated control (0 Gy). Three doses were used because we 178 had not been sure a priori which would be sufficient to cause a detectable fitness decline in 179 offspring.
180
Before the irradiation treatment, virgin males (ca. 7 days post eclosion) were individually 181 placed in 6 cm Petri dishes filled with fodder, and mated to 4 females from a phenotypic marker 182 (reindeer honey dipper, henceforth: RdHD) strain each. The RdHD strain is homozygous for a 183 dominant allele causing exaggeration of antennal club, easily distinguishable by eye. These initial 184 matings were introduced in order for the males to replenish their sperm reserves before the 185 irradiation treatment, so that the offspring used for fitness assays were produced from germ line 186 cells affected by irradiation. RdHD females were used so that they could be easily distinguished 187 from the males, as the sexes are difficult to tell apart by eye in adult T. castaneum. After 7 days of 188 interaction, the females were discarded, whereas the males were randomly assigned to treatment 189 groups and (apart from the control group) irradiated with γ rays from a Cs-137 source at the Institute left to interact for 7 days. After that, we discarded the adults and added excess food to the containers 212 for their developing offspring. We raised these offspring to adulthood, then killed them by freezing, 
Estimating selection against induced mutations in males and females
218
Initial data exploration revealed that 10 Gy dose did not produce any consistent decline in 219 fitness of the irradiated males' offspring of either sex, compared to controls ( fig. S1 ). Therefore,
220
we dropped this dose from further analyses.
221
In order to compare the strength of selection acting on males and females, we calculated the The assay was carried out in the same CT room in which all our beetles are normally housed, at all times. Each such group of beetles was observed for 1 hour, during which the experimental 288 male's behavior was scored every minute as either 1 (mounting the female) or 0 (not mounting).
289
From these scores, for each male we obtained two measures of sexual activity: the latency to first 290 mounting, and the total number of times it was observed mounting a female (which would be 291 closely related to the total time spent mounting).
292
Once again, we analyzed the data separately for each replicate line. 
Results
299
Selection against induced mutations in males and females
300
The 20 Gy dose caused significant decline in female fitness in two lines (50 and 52), but no 301 effect in the third, whereas male fitness showed no significant decrease in any of the lines (Fig. 1,   302 top row). The 40 Gy dose caused significant decline in fitness of both sexes, in all 3 lines (Fig. 1,   303 bottom row). The coefficients of selection against mutations introduced by 40 Gy dose were higher In the behavioral assay, we found no difference between the control and mutated treatments in results suggest that the latter condition is not satisfied in T. castaneum.
339
We studied selection against deleterious mutations introduced by ionizing radiation and 
350
When estimated across replicate lines, the effect of sexual selection constituted 43% or 51%
351
(depending on the inclusion of an influential outlier) of overall selection against induced mutations.
352
The within-line estimates were all positive, meaning that sexual competitiveness of mutated males 
365
Taken together, our results indicate that sexual selection on males does discriminate against 366 mutations that are also detrimental to female fitness, although we were not able to pinpoint the 367 exact mechanism involved. However, we show that sexual selection does not make these mutations 368 more deleterious in males than in females, indicating that it does not contribute to offsetting the 369 costs of sex.
370
These findings contrast with some of the conclusions reached in a recent study on the 371 same species by Lumley et al. (2015) . They created two experimental evolution regimes within 372 which they exposed replicate populations to either decreased (monogamy or female-biased sex 373 ratio) or elevated (polyandry or male-biased sex ratio) levels of sexual selection. Subsequently, 
